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QUASI-BIENNIAL CYCLES IN COSMIC-RAY INTENSITY 

Since its discovery in the tropical stratospheric wind system by Veryard 
and Ebdon (1961), many features of the biennial variation or  the so-called 
26-month oscillation of the earth 's  atmosphere have been fairly revealed in the 
past few years,  except the theories to explain i ts  origin and mechanisms (Reed 
1962, 1963, 1964 and 1965; Reed and Rogers 1962; Staley 1963; Belmont and 
Dartt 1964; Dartt and Belmont 1964; Newel1 1964; Kriester 1964; Sparrow and 
Unthank 1964; Westcott 1964). 

The intent of this short note is to point out the usefulness of certain cosmic- 
ray data for Investigating this phenomenon, and to show one preliminary result  
obtained by power spectrum analysis of cosmic-ray data. 

Cosmic-ray intensities observed at the earth 's  surface a r e  continuously 
modulated not only by astrophysical variations in outer space (particularly 
magnetic field variations) but a lso by atmospheric variations. Due to the decay 
processes of unstable components such as pions and muons produced by incoming 
primary cosmic-ray particles in the upper atmosphere, cosmic-ray iriensities 
at the ground change with variations of barometric pressure and of the atmos- 
pheric temperatures (Jinnosy 1950; Dauvillier 1954; Heisenberg 1953; Dorman 
1957). Therefore, the cosmic-ray muon data - which a r e  more commonly called 
cosmic-ray meson data or  the hard component intensities - measured at the 
ground and corrected for barometric effect a r e  very good indicators of contin- 
uous atmospheric temperature variations, provided that infornation about the 
geomagnetic variations is available. For this reason we can expect that varia- 
tions OCCCL : : : :g in the upper atmosphere should also be found in the pressure- 
corrected cosmic-ray muon data. 

The variation of cosmic-ray intensity a t  the ground due to atmospheric 
temperature variation is an accumulated affect of the differential contribution 
f rom each layer in the atmosphere, which a r e  not only functions of the altitude 
of cac:l layer in the atmosphere but also of the cut-off energy of the observed 
cosmic rays.  The latter depends on the geomagnetic and geographic location 
of the o b s e r v i ~ g  station and on the parameters of the measuring imt ruaen t ,  
5 ,  -11 a s  shield th ;chess  and type of cosmic-ray detector. Thcce relations 
:? Y tvcll k : i o ~ n  both eqeriiucntally 2nd theoreticnlly, and can be expressed 
b j  the simple formula: 
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where I,! 6 1  are the mean and the deviation of cosmic-ray intensity at the 
atmospheric depth x, due to the temperature variation, bT a t  the depth x i n  dx. 

Y (Eo, x) is called the partial temperature coefficient, which indicates the 
relative variation of cosmic-ray muon intensity with cut-off energy E, at  the 
depth x ,,, due to a 1°C increase in the layer c x  at x .  Details of these coef- 
licients a s  the function of E,, and x, as well a s  comparisons with the experi- 
mental data have been discussed by many workers (Maeda and Wada, 1954; 
Trefall 1955 a,b; Wada and Kudo, 1956;Dorman, 1957; French and Chasson, 1959; 
Mathews, 1959; Wada 1961; Carmichael etal., 1963,1965). It should be noted 
that the atmospheric temperature effect on cosmic-ray intensity consists es- 
sentially of two parts:  one is positive and due to the change in the production 
rate of cosmic-ray muons with temperature variations in the upper atmosphere, 
and the other is negative, corresponding to the change of decay-rate of muons 
in the atmosphere. Therefore, the temperature coefficient is usually negative 
for usual cosmic-ray data with cut-off energies of less  than the order of 0.5 
Gev. On the other hand, the positive effect dominates at high energies, partic- 
alarly above the production level of cosmic-ray mesons, i.e., above the 200 mb 
level, because the decay-rates of muons produced in the atmosphere with ener- 
gies higher than several Gev a r e  practically negligible. 

It is known that the phase of the 26-month oscillation in the upper atmos- 
phere differs with height, shifting from higher altitudes downward with a rate 
roughly of the order  of 1 km/month. This is shown in the upper curves in 
Figure 1 in which the variations of the stratospheric temperature differences 
between 3"s and 28"N a r e  plotted from data obtained during the period from 
1931 :o 1 9 6 1  at four different levels above 100 mb (Recd, 1965). 

Bjr using the above me,;Lionc.d l'ormuln, ivc c;ui see thu  :tml)lituclc and phase 
cf 26-month cosmic-ray variation for  ibc cori.esponuiiig pcriocis oC years. These 
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a r e  shown in the lower portion of Figure 1, for  these different cut-off energies, 
i.e., E, = 0.3 Gev (heavy solid line), 10  Gev (dashed line) and 40 Gev (light solid 
line), respectively, where Y( E,, X )  ' s are  taken from previous calculations 
(Maeda, 1960). Since the relations between variations of the atmospheric tem- 
perature 6T( x) and those of the cosmic-ray intensity 6 I are linear as shown 
by the previous formula, the three curves shown in Figure 1 correspond to the 
26-month variations in the difference of cosmic-ray intensities between 3"s 
and 28"N. It is known that 26-month variations of stratospheric temperature 
around 28% are very small as compared with those near the equator (Reed 1965). 
Therefore, these variations can be regarded as the 26-month cycles of cosmic- 
ray intensity near the geographic equator, for the period from 1951 to 1961. 

As can be seen from these curves, the phase relation between the 26-month 
oscillation in upper atmospheric temperature and that of cosmic-ray intensity 
at the ground is not simple but rather reversed at low energies (E, < 0 . 5  GCV) 
and a t  high energies (Eo >> 1 Gev) . This results from the different tcmpera- 
ture effects a t  low energies (negative) and a t  high energies (positive). The 
former  corresponds to the usual hard component data such as those observed 
by an ion-chamber o r  by the so-called cubical meson telescope, while the latter 
corresponds to underground cosmic-ray intensities. It should bc noted that 
although the positive terr.?erature effect increases with increasing cut-off 
energy, there is an upper limit (Maeda, 1960) and that because of its energy 
spectrum, the cosmic-ray intensity decreases rapidly with increasing cut-off 
energy.* 

At any rate ,  if continuous measurements of cosmic-ray intensity had been 
made at the geographic equator for more than one decade, the 26-month variation 
with amplitude of the order of 0.03% or the maximum deviation of the order  of 
0.1% can be detected even by ion-chamber data. If the underground cosmic-ray 
measurements had been made continuously for  more than several years  near 
the geographic equator, the 26-month variation with amplitude of more than 0.2% 
(which is the order of magnitude observed in the diurnal variation of cosmic-ray 
intensity) can also be found in these data with anti-phase LO those of low energies. 

Since, at present, no cosxic-ray data corresponding to the curves shown in 
Figure 1 a r e  available, detection of the bicnnial of 25-month varintions in 
CJsmic-ray intensities by nienns of a simple statistical methoti I>,  noL fuasil)lc 
n: presen:. I-imvevcr, the so-called T y j x  C ion-c!'iciF;bzr, which is sh icldcd with 
2 I.? cni 1% - equlvnlent absorber,  has bee.; operated at Buanc.~ i o .  Peru ( I Z O S  

i - j ~cc  truin nntdysis  has been made by Uslii;; the monthly average data f rom this 
:q ) l . i c .  2350 in above sea level) sin-e June, '~9311. Tnerefnrc, the power 

* F o r  example, relative intensities with cutoff ctiergies E o  = 0.3, 10 and 40 Gev are roughly 
1:0.1:0.005, respectively. 
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station for  the 23-year period f rom 1937 to  1959. Since the identical ion- 
chamber has  been operated at Cheltenham, Maryland (39"N, near sea level), a 
similar analysis has also been applied to these data for  the same period. These 
results are shown in Figure 2, where unnormalized power spectra are plotted 
against the frequency h. The periods, (7, in month) are also marked on the 
horizontal scale under the corresponding values of h. The computer program 
used in the present calculation (IBM 7094) is the same as the one applied to 
spectral  analysis of traveling pressure waves in the atmosphere (Maeda and 
Young, 1964), which is based on the formula used by oceanographers (Pierson 
and Marks, 1952). The dashed line in Figure 2 represents the monthly mean 
value from Huancayo, which includes not only geomagnetically disturbed data 
but also the effect of drift on the recording systems. The h e a w  solid line is 
obtained by choosing "five quiet days" in each month and the data are then cor- 
rected for  the drift using the formula given by Forbush (1958). 

The thin solid line is obtained from the monthly average data f rom Chelten- 
ham,* which included geomagnetic disturbed days. I t  is obvious from this figure 
that the well-known annual variation of cosmic-ray intensity, which strictly 
speaking should be called the seasonal variation because of i ts  "anti-phase" 
bctween the two hemispheres, does not exist in the tropical region, however, 
ra ther  broad bands with periods from 16 months to G O  months exist. Also, it is 
ir;teresting to note that there are small peaks at 16,  24, and 40 month periods 
in the geomagnetically quiet data of Huancayo and similar peaks in the 24 and 
48 month periods in Cheltenham data, although further accumulations of data 
are necessary to establish the significance of these pczlrs. According to  a very 
rccent investigatjon (liecd, 1965),  t h e  nm2litude of t he  26 month variation in the 
sxatospheric tcrnperature field is !argest (of the order of 2'C) at the geographic 
equator above the 100 mb level, and decreases with latitude but increases again 
slightly beyond 20  degrees of latitude, iiidicating a minimum around 17  degrees 
in each hemisphere. It is  also ind.icated that the phase of 26-month oscillation 
is reversed between these two regions, i.e., tropics and subtropics. 

With reference to the atmospheric 26-month oscillations, Huancayo is lo- 
c a t 4  rather near the rcgjon of minimum temperature variation, but within the 
:'egSion of tropic oscillntion (not in  the  subtropjc). Tn this respect, cosmic-ray 
(1:1.ta f rom I,flc. ~ c w  Gdi3E:a (7"s gco~).: i~i~, j~:.  ncnr sc-: level) :ind from Nakerere  
i:? K ~ ; ~ ; ~ : ~ k b ~  E:lst , \ f l ; j ~ : ~  (f).f33"1; 
i I>;.l'ul ;-I t?:p prcs::nl :pxld).scs. [: , t i : 2  c k t : i  L L W X  i..:;~ :?i'<' not. corrected 

1 1  :\?:.kzc 1-v 21.c l i m  i t  ccl 0 1 ; 1 \ 7  to the IGY 

! ! : ~ . t : > ~  :;.I-c l c t t  for luiure :i:1;Llysis. 
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A s  indicated by recent aerological observations, the quasi-biennial varia- 
tions are persistent even at high latitudes, especially in the southern hemisphere, 
including the Antarctic (Funk aEd Garnham, 1962; Lmtlsherg, 1962; Landsberg et. al. 
1963; Angel1 and Korshovcr, 1964; Sparrow and Unthank, 1964; Rced, 1965). Since 
h g h  encrgy cosmic-ray data, par t icuia~ly tllose measured undci-ground, should be 
available severai pktces in the world, quasi-biennial cycles in cosmic-ray phe- 
nomena seem to be a worthwhile subject €or further in,restigatiorl. 

Finally, it should he mentioned that the sources of cosmic-ray variations 
are terrestr ia l  as well as extra-terrestrial; therefore we can compare these 
effects directly (e.g., Figure 2) .  Thus investigations of world-wide cosmic-ray 
data might provide another approach in understanding the origins of these 
mysterious quasi-biennial oscillations in the earth's atmosphere which have 
been discussed recently in several different fields (Shapiro and Ward, 1962; 
Stacey ana Westcott, 1962; Hope, 1963; Westcott, 1964; Newell, 1964 a.b.; 
Lindzen, 1964; Reed, 1965). The more detailed analyses on this subject will be 
reported elsewhere (Maeda and Suda, 1965). 
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